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The studies in the preceding paper (1 a) dealing with the primary 
response of a community to Pasteurella infection were continued on a 
more extensive scale with a  Friedl~nder-like baciUus  respiratory in- 
fection.  The disease arose in the mouse populations under observa- 
tion and gave rise to a  number of severe epidemics, during which it 
became possible to investigate the epidemic factors,--microbic dosage, 
virulence, and host resistance,--and also to determine the consequence 
to an infected population of modifying the host resistance factor. 
Experimental Material 
The Friedl~nder bacillus disease, as encountered in several mouse 
populations, has been described previously (1 b) as a highly virulent, 
respiratory  infection,  with  a  portal  of  entry  by  way of  the  nasal 
passages, incubation period of about 48 hours, and a high mortality. 
The  pathological  manifestations  consist  of  a  bilateral  pneumonia, 
with or without pleurisy, and scattered, subserous hemorrhages, char- 
acterisfic of septicemia. 
The pertinent facts about the populations in which the Friedl~nder 
bacillus disease occurred will be restated briefly.  Populations  1,  2, 
3, and 4 consisted originally of four groups of ten mice, assembled in 
four standard cages.  Populations 1, 3, and 4 were ~ven rabbit strains 
of Pasteurella; l~opulation 2, a fowl strain of the same species.  Each 
community was then maintained by the daily addition of two standard 
mice.  The same technique as that  previously employed (1  a)  was 
909 910  SPREAD OF BACTERIAL INFECTIONS.  II 
continued  throughout  the  present  studies.  Following  the  adminis- 
tration of Pasteurella,  three populations  remained uninfected  (1  a); 
the fourth, No. 2, became'free of P. avicida, after suffering one severe 
epidemic.  B.  enteritidis  gained  access  to  all  the  communities  and 
persisted throughout the 4 year period of observation, but during this 
time behaved in such  a  regular,  predictable manner  (1  c)  as not to 
interfere essentially with the present studies on the Friedl~nder bacillus 
disease. 
Occurrence and Spread of the Friedl~nder-Like  Bacillus  Infection 
The  first  appearance  of  the  Friedllinder  bacillus  disease  and  its 
subsequent  behavior  in  the  several  populations  took  place  in  the 
following manner (Text-fig. 1): 
Sept., 1925, epidemics of pneumonia arose simultaneously in three (Nos. 2, 3, 
and 4)  of the four mouse populations under observation.  Each epidemic  was 
characterized by an explosive onset, a rapid increase of mortality to a peak fol- 
lowed by an abrupt decline, and a subsequent period with very low death rate. 
The epidemic curves tended to the bell form; more than 50 per cent of each popula- 
tion succumbed.  One community, No. 1, escaped  entirely. 
Following the primary epidemics, the spread of the disease  took two distinct 
courses.  In Populations 3 and 4, in which daily introductions of two mice were 
discontinued, the Friedl~nder infection died out completely; in  Population 2, 
however, where daily immigrations  were continued, the disease prevailed for 5 
months.  In this community, five secondary outbreaks occurred, four of which 
followed the primary wave in a regular manner, and the fifth after a 2 months' 
intervening period of sporadic deaths.  After the fifth outbreak in Feb., 1926, 
deaths from this infection ceased abruptly and the disease seemed to disappear 
from the community. 
In Aug.,  1926, however, 1 year after the first outbreak, the Friedl~inder-like 
infection reappeared.  Previously, for 4 months the censuses of the old popula- 
tions, Nos. 1 and 2, and of the new one, No. 5, (page 912), were stabilized at about 
75 individuals by the regularly occurring deaths from B. enteritldis infection (1 c). 
No evidence of the Friedl~inder disease was forthcoming until early in August, 
when it again appeared in each community and destroyed more than 60 per cent 
of the inhabitants.  These epidemics, although similar to those of 1925 in time of 
onset, differed in their relatively long duration and sequelae. 
Following the primary epidemics  of 1926, the spread of the Friedllinder-like 
disease assumed two distinct aspects.  In Population 1, in which an experimental 
change in technique was instituted, a definite alteration took place in the type of 
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however, in which the routine procedures were continued, the infection assumed a 
relatively mild and chronic form; one secondary wave occurred, followed by a 
relatively long period with sporadic deaths from Friedl~nder's bacillus and the 
complicating B. enteritidis infections.  Meanwhile  the population census  increased 
slowly to 80 individuals, at which time the Friedl~nder infection disappeared 
permanently from Population 2 and from Population 5 after one further secondary 
wave. 
In brief, therefore, the epidemiological phenomena to be considered 
were these: the explosive outbreaks of  Friedl~nder-like bacillus  res- 
piratory disease of S~pt.~ 1925, occurring in three communities, the 
succeeding secondary waves, and later the complete disappearance of 
the  infection; again,  the  reappearance  of  the  disease  during  Aug., 
1925, in epidemic form, affecting them all, the relatively more chronic 
nature of these outbreaks, as compared to those of the preceding year, 
the fewer secondary waves, and finally the permanent disappearance 
of the disease  during the early winter.  The source of the original 
infection was not determined, nor could the manner of its entry into 
the several populations be ascertained. 
Virulence of the Friedl~nder-Like  Microbes 
At various occasions during the spread of the Friedliinder bacillus 
infection, the virulence  1 of the specific microbes was tested.  These 
tests were made in two ways:  first, by introducing certain  cultures 
into fresh populations and observing their mode of spread, and second, 
by titrating cultures under controlled conditions.  A number of these 
tests and titrations will now be described.. 
The Spread of Friedlgnder-Like  Bacillus  Strains  in Fresh Populations 
Experiment/.--This  experiment was made to test the activity of 
an "endemic" strain.  The technique and results were as follows: 
The so-called "endemic" strain was obtained from Population 2 on Jan. 3, 1926. 
At that time the community was considered to be in an "endemic" phase, with 
respect to the Friedl~inder  infection, for the previous epidemic  had ended 2 weeks 
previously and, as later developed, no further outbreak took place for 8 weeks. 
1  The term "virulence," when used in an epidemiological  sense,  is defined  accord- 
ing to the present state of knowledge,  in the most general terms as "pathogenicity" 
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Consequently, a culture was taken on Jan. 3 from the heart's blood of a mouse in 
the population, found dead on that day.  On Jan. 7, this culture, grown 18 hours 
in broth and diluted 100 times in salt solution, was given to 20 mice by instilling 2 
drops into the nares of each.  These 20 mice, designated Population 5, were then 
placed in a single standard cage and given the routine care.  Each day two fresh 
immigrants  were added and dead animals were removed and examined (1 a). 
The results of this procedure are shown in Text-fig. 1.  2 days after inoculation, 
1 mouse died; on the third day, 8 mice, on the fourth day, 3, and on the fifth day, 
4 mice.  On the sixth day, 2 mice died, one of which was an immigrant added Jan. 8; 
on the seventh day, 3 died, including an immigrant of Jan.  9; on the eighth day, 
2 died, and on the ninth day, the last individual of the original 20 died.  All dead 
mice were autopsied and found positive for the FriedlRnder bacillus.  B. enteritldis 
(1 c) was likewise recovered 10 days after the community was established.  Fol- 
lowing the first series of deaths, the population census increased to 43 individuals, 
when a secondary outbreak occurred.  In 4 days, 17 mice died and the number 
dropped to 34.  The 14 animals showed typical FriedlRnder pneumonia and yielded 
the organisms in pure culture (Text-fig. 1).  After the second outbreak, the num- 
ber again rose to 46, when the third outbreak occurred.  This time, 28 animals 
died in 7 days and the census fell to 32.  Again the population count turned up- 
ward to 46, when the fourth outbreak ensued, fatal to 38 animals in $ days.  At 
once, deaths ceased abruptly; the population increased without interruption from 
17 to 80, and the FriedlRnder infection disappeared. 
This  experiment demonstrated,  first,  that  a  culture  of  the  Fried- 
IRnder organisms removed from Population 2 during an inter-epidemic 
period was able to become established in a fresh community, to spread 
and  give rise  to  typical  epidemics.  Most  important,  however,  was 
the fact that these epidemics resembled closely the previous outbreaks 
in Populations 2 and 4.  The comparison, shown in Table I,  indicates 
that the primary and secondary outbreaks in Populations 2, 4, and 5 
were alike in occurring at a census level of about 45, in lasting about 7 
days,  and  in  reducing the  census  to  about  27  individuals.  Finally, 
it should be noted that the Friedl~inder disease disappeared from both 
Populations 2  and 5  at about the same time.  It is concluded,  there- 
fore, that the pathogenicity of the "endemic" strain of FriedlRnder was 
similar to that of the original "epidemic" strains. 
Experiment 2 was made to test the activity of an "inter-epidemic" 
strain.  The technique and results of the experiment were as follows: 
On Nov. 5, a fresh population, designated No. 6 (Text-fig. 1), was established by 
assembling  ten Rockefeller  Institute mice in  a  standard  cage and  adding  two 
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individuals,  the two immigrants were given intranasally about 100 bacilli of the 
"inter-epidemic" Friedl~nder strain, No. 18.  This procedure was repeated on the 
2 following days with the immigrants, so that a total of six "carriers" were intro- 
duced into the fresh, unexposed commuuity3  Following this, the daily addition 
of normal mice was resumed.  The "inter-epidemic" strain, No. 18, was obtained 
from the nasal passages of a  "healthy" Lathrop mouse of Population  1 on Dec. 
21, midway between the third and fourth epidemic waves.  This community had 
received a daily quota of two Lathrop mice instead of Institute mice since Oct. 6, 
1926  (see page 922 for  details). 
The results of this experiment are shown in Text-fig.  1.  The "experimental- 
carrier" immigrants died in 5, 35, 15, 15, 9, and 50 days respectively.  Notwith- 
standing the relatively long survival time (page 919),  the infection spread rapidly. 
TABLE  I 
Character of B. fiiedlaenderi.Like  Epidemic Waves, 1925-5 
Epidemic waves  Population 
Population  Chronological  at onset of each  Population at end of  Duration of each 
identification  number  epidemic  each epidemic  epidemic in days 
No. 2 
"  4 
,c  2 
"  2 
"  2 
'~  2 
'~  5 
"  5 
47 
44 
34 
38 
52 
56 
43 
46 
46 
16 
18 
26 
29 
34 
39 
34 
32 
17 
7 
6 
5 
6 
14 
6 
3 
6 
10 
Av. 45.1 a.d. 5.1  Av. 27.2 a.d. 7.1  Av. 7 a.d. 2.1 
The number of daily deaths increased quite regularly to a peak of 13 on Jan. 12.  By 
Jan. 19, 15 days in all, 88 mice had died and the number dropped to 46.  Through- 
out the epidemic, the dead mice showed typical Friedlttnder bacillus lesions, and 
yielded the organisms either in pure culture, or in combination with B. enteritidis. 
Following this primary outbreak, the number rose in 22 days to 69, when a second 
explosive outbreak occurred.  This epidemic reached its peak on the fifth day, 
with the death of ten mice, and lasted 13 days, with a total mortality of 85.  Sub- 
sequently, the population count rose steadily from 10 to 94 and the infection disap- 
peared permanently. 
This experiment demonstrated that an "inter-epidemic"  strain from 
the  nasal  passages  of  a  clinically  healthy  individual  possessed  the 
2 Two tests for nasal carriers, Dec. 1 and 28, proved negative. 914  SPREAD  OF  BACTERIAL  IN]?ECTIONS.  II 
various potentialities of and was similar to the so-called  "epidemic" 
strains.  It spread rapidly throughout a fresh community, giving rise 
to epidemic outbreaks and disappearing at about the same time as the 
infections in Populations 2 and 5. 
Experiment 3 was made to retest the findings of Experiment 2. 
On Feb. 18,  1927, two groups of 100 Institute mice were placed in standard 
cages and designated Populations 9 and 10.  They were then retained for observa- 
tion for a period of 33 days, during which time they remained free of the Fried- 
l~nder bacillus disease,  3 but suffered some loss through fighting.  These losses 
were made up by the periodic addition of immigrants,  so that the populations 
remained  approximately  at  100  individuals.  On  Mar.  23,  12  additional mice 
were given intranasally about 768 bacilli of the Friedliinder strain, No. 18, used in 
the previous  experiment.  Six of these mice were then placed  in  Population 9 
and 6 in Population 10.  4 days later the immigrants began to die and explosive 
outbreaks of great severity took place in both communities  (Text-fig. 1).  Fol- 
lowing this, the infection assumed an endemic form and finally, after 2 to 3 months, 
disappeared completely.  The daily addition of immigrants was  commenced on 
April 8. 
This experiment confirmed the findings of the previous test,  show- 
ing that the "inter-epidemic"  Strain 18 was similar to the "epidemic" 
strains in its ability to  spread  and give rise to severe epidemics and 
later, to disappear. 
Virulence Titrations of the Friedlander-Like Organisms 
Experiment 4.--Direct titrations of the Friedl~nder organisms were 
made to determine their virulence during various endemic and epidemic 
phases of the infection.  In all, seven tests were carried out on a total 
of  15  strains,  3  taken  from inter-epidemic periods,  2  from  pre-epi- 
demic, 8 from epidemic, and 2 from post-epidemic periods (Table II). 
In  each instance  an  effort was made to compare strains taken  from 
populations at the time of the greatest differences in severity of infec- 
tion.  Full  details  of  these  tests  are  given  in  another  publication 
(1 a); it will suffice here to give the exact source of each strain and the 
results of the tests in terms of final 60 day mortality figures  (Table 
III). 
Titration/.--Nov. 22, 1926.  Two "inter-epidemic" 1926 strains, Nos. 1 and 
4, and one "epidemic" 1925 strain, No. 6, were compared.  Strains 1 and 4 were 
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obtained from Population 1.  Strain 1 came from the heart's blood of a Lathrop 
mouse found dead Oct. 25, a date between the third and fourth epidemic outbreaks; 
Strain 4 from a similar Lathrop mouse, Nov. 17, between the fourth and fifth out- 
breaks.  Strain 1 was obtained originally from a mouse in Population 4,  dead at 
the peak of the second epidemic wave, Oct. 13,  1925  (1 b).  Each strain was  ad- 
ministered intranasally to 50 mice; the resulting mortalities were: Strain 1, 84 per 
cent; Strain 4, 86 per cent; Strain 6, 74 per cent. 
Titration  2.--Dec.  16,  1926.  One  "inter-epidemic"  strain,  No.  1,  and  two 
"pre-epidemic"  strains  were  compared.  Strain  1  has  been  described; Strains 
11 and 12 came from Population 5, 1 and 7 days before a severe outbreak.  Strain 
11 came from the nasal passages of a "healthy" mouse (No. 7-32) which had been 
in the community 12 days, but died the day following the taking of the culture 
(Dec.  9).  Strain  12  came from  the nasal passages of "healthy"  Mouse  4-24, 
TABLE  II 
Source and Number of B. friedlaenderi-Like  Strains Used in the Virulence Titrations 
Period of infection at which the strains were obtained 
Population  Number of strains 
identification 
No.  1 
"  4 
"  5 
"  6 
"  10 
Inter-epidem/c 
penod 
Pre-epidemic 
period 
Epidemic 
period 
Post-epidemic 
period 
Total number  .......  3  2  8  2  15 
Total number 
which had been in the community 95 days and a carrier for at least 17 days, but 
which died 9 days after the taking of the culture (Dec. 3).  Each strain was in- 
stilled intranasally to 40 mice; the ensuing mortalities were: Strain 1, 70 per cent; 
Strain 11, 85 per cent; Strain 12, 55 per cent. 
Titration  3.--Dec.  20,  1926.  One  "inter-epidemic" strain,  No.  1,  and  two 
"epidemic" strains, Nos. 13 and 15, were compared.  Strain 1 has been described; 
Strains 13 and 15 came from Population 5, at the peak of the December outbreak. 
Strain 13 was procured on Dec. 14 from the nasal passages of Mouse 7-30, which 
had been in the community 44 days and died 1 day after the culture was obtained. 
Strain 15 was taken, on Dec. 14, from the nasal passages of Mouse 8-33, a resident 
of the community 12 days and dead 12 days later.  Each strain was administered 
intranasally to 50 mice; the final mortalities were:  Strain 1, 90 per cent; Strain 13, 
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Titration  4.--Jan.  7,  1927.  One  "inter-epidemic"  strain,  No.  1,  and  two 
"epidemic" strains, Nos.  16 and  17,  were compared.  Strain  16 came from the 
lung of a Lathrop mouse in Population 1, found dead Dec. 30, at the peak of an 
epidemic outbreak; Strain 17 was obtained from the lung of Mouse 7-35 of Popula- 
tion 5, found dead Dec. 30, during the height of a prolonged epidemic.  Mouse 7-35 
had been in the population 9 days.  Strain 1 was administered intranasally to 100 
mice, Strains 16 and 17 similarly to 50 mice each.  The resulting mortalities were: 
Strain I, 79 per cent; Strain 16, 72 per cent; Strain 17, 92 per cent. 
Titration  5.--Jan. 19, 1927.  One "inter-epidemic" carrier strain, No. 18, and 
one "epidemic" strain were compared.  Strain  18 was obtained from the nasal 
passages of a clinically  healthy Lathrop mouse in Population 1, Dec. 21, midway 
between the fourth and frith epidemic waves.  Strain 19 came from the lung of a 
mouse in Population 6, found dead Jan. 12, 1927, at the peak of the primary epi- 
demic outbreak.  Each  strain was administered intranasally  to  100  mice;  the 
resulting mortalities were: Strain 18, 70 per cent; Strain, 19, 65 per cent. 
Titration  6.--Feb. 28,  1927.  Three "epidemic" strains, Nos.  19, 32,  and 33, 
and one "post-epidemic" strain, No. 34, of the same population, No. 6, were com- 
pared.  Strain 19 has been described; Strains 32 and 33 were obtained from the 
lungs of 2 mice, Nos. 10-2 and 2-4, found dead Feb. 17, at the peak of the second 
epidemic wave.  Mouse 10-2 had been in the community 83 days, and Mouse 2-4 
71 days.  Strain 34 came from the nasal passages of clinically healthy Mouse 9-10, 
on Feb. 23, as the epidemic was subsiding.  This mouse, added to the community 
10 days before the culture was obtained, died 5 days later.  Each strain was given 
intranasally to 50 mice; the final mortalities were:  Strain 19, 82 per cent; Strain 
32, 70 per cent; Strain 33, 76 per cent; Strain 34, 82 per cent. 
Titration  7.--June 2, 1927.  One "post-epidemic" strain was tested.  Strain 35 
was taken from a mouse in Population 10, 2 months after the previous epidemic 
and just before the disease disappeared permanently.  The present  strain, No. 
35, was obtained from the nasal passages of a clinically  healthy mouse which had 
survived the epidemic.  6 days later, a second nasal passage culture failed to yield 
the Friedl~.nder organisms.  This strain was given intransally to 50 mice with a 
resulting mortality of 80 per cent. 
The results  of these  titrations  demonstrated  that  the  virulence  of 
these  15  strains  was  essentially  the  same and  indicated:  1) that the 
1925  to  1926  Friedl~inder  strains  were  similar  to  the  1926  to  1927 
strains, 2) that strains from Population 1, in which frequent epidemics 
occurred in  1926  to  1927, were of  the same  disease-producing power 
as  strains  from  Population  5,  in  which  during  the  same period  the 
disease was less severe, and finally 3)  that the pre-epidemic, epidemic, 
post-epidemic, and inter-epidemic strains were of similar disease-pro- 
ducing  power  or  virulence.  It  was  concluded,  therefore,  that  the 918  SPREAD  O~"  BACTERIAL  INFECTIOlq'S.  II 
microbic virulence factor remained constant  during the various  en- 
demic and epidemic phases of the Friedl~tnder  bacillus disease. 
Host-Resistance to the Infection 
The behavior of the host-resistance factor in the various populations 
during epidemic phases was analyzed in the following manner. 
Hos~-Resistance during Pre-Epidemic and Epidemic Periods.--In pre~ously un- 
exposed communities, differences  in the individual resistances  of population  con- 
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TExT-FIG.  2.  Comparison  of mortality  in  "spontaneous"  epidemics  and  ex- 
perimental  Frieditinder  bacillus  infection.  Two  "spontaneous"  epidemics  in 
Populations 9 and i0, April,  1927 (Text-fig.  I) are compared with average mor- 
tality figures of standard titrations  (i b, Text-fig.  I).  The figures are plotted in 
terms of total cumulative mortality. 
stituents appeared to determine the form of the primary epidemic wave.  Thus, a 
comparison of mortality curves of primary epidemics (Text-fig. 1) with mortality 
curves following the experimental inoculation of groups of mice with equal num- 
bers of a single strain of Friedliinder bacilli (Text-fig. 1) (1 b) showed close agree- 
ment in amount and distribution of mortality (Text-fig. 2).  The mortality rate 
in the case of mice receiving experimental inoculation under conditions of known 
constant virulence and dosage was definitely attributable to differences  in individ- 
ual resistance.  Hence in the case of similar mice undergoing a primary epidemic 
in which large doses of a foreign microorganism were available, the mortality rate, or 
form of the epidemic curve was likewise  considered due to differences in individual 
resistances of the population constituents.  A similar comparison has been made 
previously with "spontaneous" epidemic curves and experimental titration curves LESLIE  T.  WEBSTER  919 
in mouse B. aertrycke infection (Text-fig. 4)  (1 d).  In communities infected with 
the Friedl~nder bacilli, epidemic outbreaks appeared to be caused by a progressive 
decrease in the host resistance factor to a critical point.  Under the given condi- 
tions  each population received two mice daily from the Institute  stock, whose 
average  resistance  was known to  be constant  (i e).  Furthermore,  the average 
resistance of these fresh immigrants was known to be less than that of the older 
residents (page 920).  Hence the daily immigrants lowered the average resistance 
of the total population at a relatively constant rate.  That this decrease in popula- 
tion resistance was responsible for the outbreaks is indicated by the occurrence of 
epidemics at definite population levels,  their  duration for a  definite number of 
days, and reduction of population numbers to a  definite level.  For example, in 
1925 and 1926, epidemics arose in Populations 2, 4, and 5 at an average census 
level of 45.1  days, lasted 7 days, and reduced the populations to 27 individuals 
(Table I); in 1926, primary epidemics occurred in Populations 1, 2, and 5 at census 
levels of 65  to 82,  lasted  23  to 35 days, and reduced the numbers to 20 to 28 
individuals; and secondary outbreaks (2, 3, 4) in Population 1 were similar in these 
respects to those of 1925  (Table V).  This similarity in  numbers  of population 
at the onset of epidemics indicates that the daily immigration of two fresh mice 
decreased the average resistance of the total population from a high to a critically 
low level; 4 the similarity in both the duration of epidemics and the census levels 
at the end of outbreaks is probably due to the deaths of susceptible individuals in 
numbers sufficient to raise the average resistance of the surviving population to a 
critically high level.  That susceptible immigrants were actually responsible for 
the spread  of infection and onset of epidemics is probable from the records of 
survival time.  The figures of survival time, that is, of the average duration of life 
of two immigrants of a given day (Text-fig. 1),  decreased prior to epidemic out- 
breaks  and  increased  sharply  before  the peak mortality  of each  epidemic was 
reached.  For example, preceding the Aug., 1925, Pasteurella epidemic in Popula- 
tion 2 (1 a), the average survival time of immigrants decreased steadily from 30 to 
7 days, July 18 to Aug. 10, while during the 4 pre-epidemic and 4 epidemic days, 
Aug. 11 to Aug. 19, it underwent irregular alterations but increased to an average 
of 18 days.  Prior to the Sept., 1925, Friedl~nder epidemic in Population 2 (1 a), 
the survival time during the period Aug. 29 to Sept. 5 decreased steadily from 27 
to 5 days, while 3 days before the outbreak it commenced to rise, and during the 
epidemic maintained an average level of 25 days.  Prior to the Friedl~nder  epi- 
demic Oct.  2,  1925,  in Population  2,  the survival  time of immigrants dropped 
steadily from 26 to 5 days, (between Sept. 18-30) but 24 hours before the onset of 
the epidemic it rose sharply, and during the wave maintained  a  relatively high 
average figure.  In the case of prolonged epidemics  with  high plateau  form of 
mortality, the survival time decreased prior to the outbreak, rose sharply imme- 
4 Topley and Greenwood have pointed out a  direct relation between immigra- 
tion rate of suscepVibles and frequency and severity of epidemics (J. Hyg.,  1925, 
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diately preceding or during the early phases of the waves, fell again to a low level 
at the time of steady high mortality, and finally rose again shortly before the 
terminal drop in number of deaths.  This relationship between survival time and 
epidemic phase was best shown in such epidemics as that in Population 2, Aug., 
1926 (Text-fig. 1).  These fluctuations in survival time were paralleled by fluctua- 
tions in carrier rate (page 925).  Consequently, it is probable that in the given 
communities infected with microorganisms of constant virulence, fresh immigrants 
decreased population resistance to a  critical level, provided fertile soil for the 
multiplication of the microbes, and thus became the incitants and first victims of 
the epidemic.6 
Host-Resistance during the Post-Epidemic Phase.--The survivors of a  Fried- 
l~tnder epidemic proved to  be the  relatively resistant  individuals.  Thus,  for 
example, the survivors of a "spontaneous" epidemic were found to correspond in 
relative numbers and behavior to the survivors of an experimentally inoculated 
series of mice (Text-fig.  2), indicating that both survivor groups were sdected, 
resistant  survivors,  not  specifically  immunized  individuals.  Again,  survivors 
tended not to be "carriers" (page 925), nor to succumb during the early phase of a 
succeeding  epidemic.  Large numbers  of survivors in  a  community decreased 
the  number  and  severity  of epidemics (Text-fig. 1).  Again,  communities  of 
survivors unaccompanied by susceptible immigrants tended  to become free of 
the  infection.  An  example of  this  fact was  the  event  which  took place  in 
Populations 3, 4, and 1, Nov., 1925 (1 a) (Text-fig. 1).  Following  the Friedlander 
outbreaks of Sept., 1925, immigrations to Populations 3 and 4 were discontinued 
and the survivors were added to the uninfected Population 1 at the rate of two 
per day in place of the usual  immigrants.  On Nov.  23,  the regular  mode  of 
immigration was resumed.  No spread of the Friedl~nder disease to Population 
I  occurred;  neither immigrating survivors  nor  residents  gave evidence of in- 
fection.  Thus it is inferred that survivors of a given infection are relatively more 
resistant than a random unexposed group (2-3). 
Experiment 4.--A direct measurement of the resistance of survivors 
was made in the following manner. 
Populations 9 and 10  (Text-fig.  1), free of the Friedlander infection in July, 
1927, showed populations on Oct. 5 of 103 and 104 respectively.  At this time, 
five immigrant mice, each just inoculated intranasally with about 425 bacilli of 
the Friedl/inder  Strain 18 were substituted in each population for the usual daily 
quota of two immigrants.  At the same time, a fresh community, consisting of 110 
standard Institute mice and designated Population 11, was treated in a  similar 
Topley (2) and Amoss (3) have pointed out that in experimental mouse typhoid 
epidemics the recent immigrants die sooner than the older inhabitants.  Webster 
(1 g) has shown that survivors of experimental mouse typhoid infection are more 
resistant than non-exposed animals. LESLIE  T.  WEBSTER  921 
manner.  Further  additions  were  discontinued.  Within  10  days,  the  infected 
immigrants were dead and typical explosive Friedl~knder epidemics raged in each 
community.  On Oct. 27, Population 9 was reduced to 45 survivors, Population 10 
to 36, and Population 11 to 43, indicating that  each community contained  about 
the same amount of susceptible and resistant  material.  On Oct. 27, 5 mice inocu- 
lated intranasally with 400 to 500 bacilli of Strain  18 were  added to each com- 
munity.  Subsequently,  few individuals  died and repeated tests for nasal carriers 
became negative on Nov. 4.  The second test was made Nov. 9 by combining the 
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TExT-FIG. 3.  Relative resistance of "survivors" and "normals" to Friedl~inder- 
llke bacillus infection. 
survivors  of Populations 9,  10, and ll in one cage and  adding to  them  5  mice 
inoculated  intranasally with 400 to 500 Friedl~inder bacilli of Strain 18.  At the 
same time a  control population of 88 fresh  Institute mice received  5 similarly 
inoculated mice.  The results  of this test are shown in Text-fig. 3.  Mice in the 
control community died more rapidly than those in the "survivor" community, 
indicating that the immediate survivors of a Friedl~inder epidemic were slightly but 
definitely more resistant than mice not exposed to the infection. 
The facts presented suggest that host resistance plays the determin- 
ing r61e in the spread of the Friedlander infection.  Thus, in previously 922  SPREAD  OF  BACTERIAL  INFECTIONS.  II 
uninfected communities, the  average level of  resistance to  a  fixed 
microbic virulence appeared to determine the amount and severity of 
the infection, and individual differences  in resistance to determine the 
time distribution of mortality; whereas in already infected communi- 
ties,  a lowering of the amount of host resistance through immigration 
of mice with relatively low average resistance seemed to act as the 
underlying cause of epidemic outbreaks; and finally, the resistance of 
survivors of an epidemic was found to be greater than that of unex- 
posed individuals and to be more general than specific in nature. 
An experiment was made to determine the effect of varying host 
resistance on the spread of the Friedl~nder infection.  The test was 
carried out in the  following manner. 
Experiment 5.--A change in the amount of host resistance in Popu- 
lation 1 was effected by substituting for the daily immigration of two 
standard Institute mice (1  a), two Lathrop mice. 
TABLE  IV 
Relative  Susceptibility  of Lathrop  and  Rockefeller  Institute  Mice  to  B.  aertrycke 
(g. T. 2)  Mouse  Typhoid 
Race 
Rockefeller Insti- 
tute. 
Lathrop. 
1923 
78 74 66 
66  64 
1924 
1 
I  i 
78190 78 58 86,52 4C M 80 56 48 88 
82  17~  80 78 91 813 78 76 94 84 713 89 
1925 
38156669486 92181 84  86 
84 66 94 96 87 86 91 88 100 
Total number used: Rockefeller Institute mice  .................  1230 
Lathrop mice  ............................  1306 
The Lathrop mice have been subjected previously to repeated tests and found 
to be less resistant to infection than the Institute strain.  These preliminary tests 
were made as follows: 
Test 1.--Pritchett (1 e) in a series of 23 monthly tests on a total of 2536 mice has 
shown the Lathrop strain to be less resistant than the Rockefeller Institute strain 
to B.  aertrycke  mouse typhoid.  For each titration, 50  animals of each strain, 
raised under similar conditions, without previous exposure to the infection, were 
given per os a uniform dose of the bacteria.  For the first 4 tests, it was necessary 
to use old breeders of the Lathrop strain; subsequently, standard Lathrops 12 to 
14 weeks old, weighing 16-18 gm., were compared with similar standard Institute 
mice.  The results, summarized in Table IV, showed that under the given set of LESLIE  T.  WEBSTER  923 
conditions, 18 of 19 properly controlled groups of Lathrop mice and 19 of 23 total 
groups showed a higher mortality than the Institute mice. 
Test 2.--More recent tests have been made with B. enteritidis  mouse typhoid 
bacilli.  On two occasions, Dec., 1927,  and Mar.,  1928,  50 animals of each strain 
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B. enleritidis infection. 
were given per os the usual dose (1 e) of strains of B. enterltidis  obtained from Popu- 
lations  5  and  1.  The results shown  in  Text-fig. 4  indicated  that  the  Lathrop 
mice were less resistant than the Institute mice to these organisms. 924  SPP.~AD  OF  BACTERIAL  IN~ECTIONS.  II 
The substitution of Lathrop immigrants for those of the Institute strain migrants 
in Population 1 was made at a time when the three populations were behaving in a 
similar manner, thus permitting the use of one community for the test and two 
communities for control.  The substitution of Lathrop mice in Community 1 was 
commenced on Oct. 6 and continued to Jan. 7, 1927.  The results of this substitu- 
tion were striking.  In contrast to the events in control Population 2, in which the 
infection disappeared early in November, and control Population 5, wherein, after 
one further atypical outbreak, the infection disappeared in Jan., 1927, the events 
in test Population I were a rapid succession of five explosive epidemics, similar  to 
those observed in the 1925 to '26 outbreak (Tables I, V).  Furthermore, after the 
addition of Lathrop mice was discontinued on Jan.  7 and Institute immigrants 
were substituted, the Friedl~inder infection disappeared as it had done in control 
Populations 2  and  5,  and the population numbers in all communities became 
similar. 
TABLE  V 
Character of lgpidemics of Friedl~nder-g~ke Bacillus Infection,  1926-27 
PopUlation 
identifica- 
tion 
No. 1 
"  2 
"  5 
"  2 
"  5 
"  5 
Epidemic 
waves 
Chrono- 
logical 
number 
I 
I 
i 
2 
2 
3 
Popula- 
tion  at 
onset  of 
each 
epidemic 
81 
82 
65+ 
41 
69 
82 
Po~nIa-  ! 
tion at ! 
end of 
each 
epidemic 
24 
28 
20 
26 
54 
25 
Duration 
of each 
epidemic 
in  days 
28 
35 
23+ 
9 
20 
26 
Population 
identifica- 
tion 
No. 1 
"  1 
"  i 
"  1 
"  1 
"  1 
Epidemic 
waves 
Chrono- 
logical 
number 
Popula-  Popula- Duration 
tion  at  tlon  at  of  eg~h 
onset  of  end  of  epidemic 
each  each  m days 
[  epidemic  epidemic 
40  27  9 
36  21  10 
35  25  10 
56  41  Ii 
60  40  11 
53  45  11 
The result  of this  experiment,  charted  in  Text-fig.  1,  shows  how 
dosely events in Population 1, up to the time of adding the Lathrop 
mice, paralleled those in the control Populations 2 and S; how there- 
after the infection in Population 1 assumed a  far more serious nature 
than that in Communities 2 and 5; and finally, how, when the addition 
of Lathrops was discontinued in Population 1 and the Institute breed 
substituted, the character of the infection changed again to that pre- 
vailing in the control communities and the daily census figures again 
became very much alike.  The observations, made  under  conditions 
so well controlled, were also  accompanied by virulence titrations  of 
Friedli£nder cultures, which showed that cultures from the test Lathrop LESLIE  T.  WEBSTER  925 
community (Population 1) and the control community (Population 5) 
were of the same pathogenicity (page 914).  Consequently, it is diffi- 
cult to escape the conclusion that the factor actually increasing the 
severity of infection in Population 1 was the substitution of the more 
susceptible Lathrop for the Institute mice, and that the subsequent 
addition of the latter brought about the fall of the infection to the 
level of that in the other communities.  It is  concluded, therefore, 
that under the conditions of the experiment, the decrease in population 
resistance brought about typical epidemics of the Friedl~inder infec- 
tion,  and  the  subsequent increase in population resistance brought 
about a  diminution in its severity and spread. 
Effect of the Dosage of Friedlander Organisms 
The  third  epidemic factor investigated was microbic dosage,  the 
numbers of Friedl~tnder organisms available to a  community during 
various phases of the infection.  Preliminary searches for the bacilli 
in  the  feces  and  cage  bedding were  fruitless and  indeed,  tests  for 
viability of  Friedi~tnder  cultures mixed  intentionally with  bedding 
were negative after 72 hours.  Further tests showed that Friedl~inder 
organisms were harbored in the nasal passages of certain individuals 
and these "nasal"  carriers were capable of spreading the infection (page 
911).  Consequently, serial determinations of the nasal carrier rate 
in the several populations were made during the 1926=,1927 period of 
the Friedl~nder infection. 
The tests were carried out by culturing the nasal passages of each mouse in a 
given community. The animal was held firmly and 1 to 2 drops of salt solution 
were placed in and about the external nares.  The head was directed in such a 
manner as to insure rapid inspiration and expiration of the fluid  until it became 
slightly cloudy.  This fluid was then spread over the surface of a plain agar plate; 
after 48 hours' incubation, the characteristic colonies  were selected and identified 
in agglutinating antiserum mixtures (1 b). 
Six tests were made in Population 2, Oct. 19, 1926 to Jan. 18, 1927, and 12 tests 
in Population 5, Nov. 16, 1926 to Jan. 29, 1927.  In all, 21 carriers were found. 
Of these, two became negative for the Friedliinder  organisms  and survived at least 
60 days; the remainder died of the infection in 5 ±  3.5 days.  The term during 
which the carriers had resided in the population prior to the test varied from 6 
months to 2 days.  Eleven  tests were made in Population 1 during various phases 
of the Friedl~nder infection, Oct. 21, 1926, to Mar. 10, 1927.  The first test, Oct. 926  SPREAD  OF  BACTERIAL  INFECTIONS.  II 
21, 1926, following the third  epidemic wave, showed 12.5 per cent carriers; the 
second test, Oct. 28, preceding the fourth outbreak, 27 per cent; after the fourth 
outbreak, Nov.  12 and 18, the rates were 10 per cent and 5.7 per cent.  At the 
height of the fifth epidemic, Dec. 7, 20 per cent were carriers; before, during, and 
after the sixth wave, Dec. 21, 29, and Jan. 8, the rates were 5.5 per cent, 7 per 
cent, and 2 per cent respectively.  At the peak of the seventh wave, Feb.  1, 13 
per cent were carriers; four days later, no carriers were found.  One further test, 
Mar.  10, was likewise negative. 
The  results  of  the  carrier  tests  showed  that  "healthy"  chronic 
carriers  of the  Friedlitnder  organisms  were infrequent,  and  that  the 
microbes  tended  either  to  kill  the  host  or  to  disappear.  The  tests 
likewise indicated  that the dosage factor, as determined by the num- 
ber of carriers, increased during the pre-epidemic and epidemic periods 
to  a  maximum  near  the  epidemic peak,  and  subsequently decreased 
during  the post-epidemic and inter-epidemic  periods. 
DISCUSSION 
The  studies  in  this  and  the  preceding  paper  (1  a)  furnish  direct 
experimental  evidence on  the mode of spread  of Pasteurella,  Fried- 
liinder,  and  B.  enteritidis  (1  c)  infections  of  mice.  This  evidence 
relates  both  to  the  behavior  of  communities  previously  unexposed 
to these infections and to communities in which the specific infection 
was already present.  Concerning the primary response of unexposed 
communities, it was shown that three general results occurred, depend- 
ing on the pathogenicity of the infecting microbe,--first,  an epidemic 
reaction,  involving  explosive  outbreaks  of  disease  and  subsequent 
disappearance  of the specific agent  (P.  avicida  and B. frledlae~deri) ; 
second,  an  endemic reaction involving  sporadic  endemic disease and 
permanent establishment of the agent in the community (B. enteritidis, 
(1 c) );  and third,  no reaction, leading to no disease, and no establish- 
ment of the agent (P. lepiseptica).  These varieties of response under 
controlled conditions were proved to be due to qualities in .the specific 
bacteria,--the epidemic type of reaction being caused by the virulent 
non-vegetative pathogens (P. avicida and B. friedlaenderi), the endemic 
type by the less virulent,  highly vegetative forms (B. enteritidis),  and 
the third by the least virulent, least vegetative forms (P. lepiseptica). 
Similar  differences of response  observed in  previous  studies  of Pas- LESLIE  T. WEBSTER  927 
teurella infections of rabbits (1 d) and chickens (1 f) were found like- 
wise to be associated with the disease-producing power of the specific 
bacteria.  Hence, it  is  concluded that  in  the  diseases  studied,  the 
primary response of unexposed communities of  given  average resis- 
tance  is  determined  by  the  inherent  pathogenicity of  the specific 
microbes. 
In the case of communities already infected, the inherent patho- 
genicity of the specific  microbes proved to be unchanging and the 
course of the infection to be controlled by the host-resistance variable. 
Thus, the virulences of P. avicida and B. friedlaenderi were constant 
whenever tested,  strains obtained from populations  during pre-epi- 
demic, epidemic, post- and inter-epidemic periods behaving uniformly 
when introduced into fresh populations, or when titrated under con- 
trolled  conditions.  The host-resistance  factor,  on  the  other  hand, 
appeared to vary in a definite manner according to the prevalence of 
the infection.  Thus, prior to epidemic outbreaks, the survival time 
of immigrants declined progressively and the number of carriers and 
available bacteria  (dosage)  increased.  Again,  tBe actual outbreaks 
tended to occur at definite population levels and were most fatal to 
recent immigrants.  And finally, the  epidemics terminated at  rela- 
tively definite population levels and in conjunction with a decline in 
dosage  and  increase  in  the  survival  time  of  immigrants.  These 
observations indicate that the reduction of population resistance by 
the addition of fresh immigrants of definite and relatively low average 
resistance  was  responsible  for  the  characteristic outbreaks.  1Vfost 
significant in this connection, however, were the experimdnts in which 
changes in population resistance brought about by substituting immi- 
grants of" different racial or strain resistance determined the severity 
of the disease.  Thus, the substitution of relatively susceptible Lath- 
rop strain immigrants for resistant Institute ones brought about an 
increase in the severity and n'umber of epidemics, while the reverse 
substitution of resistant for susceptible immigrants led to the opposite 
condition of  infrequent  epidemics.  The  same  sort  of  substitution, 
carried on over a 2 year period in the case of B. enteritidis infection 
(1 c) gave comparable results.  Hence it is concluded that under the 
conditions described, the amount and severity of infection were con- 
trolled primarily by the host-resistance variable. 928  SPREAD  OF  BACTERIAL  INFECTIONS.  II 
The third conclusion applicable to the behavior of both the pre- 
viously unexposed and the infected communities is that the form of 
the epidemic curve was determined by differences in the resistance of 
individuals in  the  community.  This  conception is  derived from  a 
comparison of mortality rates of "spontaneous" epidemics on the one 
hand and of controlled experimental inoculations of groups of mice on 
the other (page 918).  Such comparisons have given similar results 
in three infections and indicate that the epidemic curve in populations 
in which uniform exposure to a  microorganism of stabile virulence 
takes  place within  a  relatively short  time  expresses  differences in 
individual resistance to  the infecting organism. 
A  final  consideration  of  the  epidemiology of  these  infections  is 
reserved for the last paper (1 c). 
SUMMARY 
1.  In September,  1925, explosive and highly fatal epidemics of a 
Friedl~inder-like bacillus infection arose in three of four experimentally 
controlled mouse populations.  In  the  populations  to  which  daily 
additions were made, characteristic secondary waves ensued.  These 
waves appeared at definite population levels, lasted a definite number 
of days, and reduced the population to a definite low census.  Subse- 
quently, endemic periods intervened, followed by the disappearance 
of the disease during March, 1926. 
2.  In August, 1926, renewed epidemics of the infection arose in all 
four populations.  These outbreaks resembled one another but were 
more enduring than the preceding ones.  Moreover, fewer secondary 
waves followed,  and fhe disease disappeared in February, 1927. 
3.  The virulence or disease-producing power of the Friedl~inder-like 
organisms, as determined by the ability to spread and induce typical 
epidemics among populations of previously unexposed mice, and by 
direct inoculation titrations remained constant during pre-epidemic, 
epidemic, post-, and inter-epidemic phases of the infection. 
4. The Friedl~£nder-like organisms were not  recovered in cultures 
from bedding, food, or feces, but they were obtained from the nasal 
passages.  Mice harboring the organisms usually died within a  few 
days of the test; a few, however, survived and ceased to be carriers. 
The carrier rate in a given community was found to increase prior to LESLIE  T.  WEBSTER  929 
epidemic outbreaks and to decrease shortly before the time of peak 
mortality. 
5.  The substitution of relatively susceptible for "standard" immi- 
grants in a  population was  followed by an increase in severity  and 
spread of the disease, whereas a substitution of "standard" for resistant 
immigrants was followed by a fall in severity and extent of disease. 
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